Cattle's grazing of the locoweed Wahweap milkvetch (Astragalus lentiginosus var. wabweapensis) was evaluated on desert and foothill winter range during the winter of 1986 to 1987. Dry, dead stalks of Wahweap milkvetch that had grown in 1985 and 1986 made up 15% of cattle diets overall, and 24% of diets when cattle grazed gravelly benches where it was abundant. Nutritional quality of Wahweap milkvetch was higher than of most associated forage, but its alkaloid concentration varied among the senescent stages. One cow aborted and two cows developed clinical signs of locoweed poisoning, including water belly (hydrops amnii). Microscopic lesions consisting of cytoplasmic foamy vacuolation were evident in both the dam and fetus. Because senescent stalks of Wahweap milkvetch are palatable and readily grazed by cattle, ranchers should not permit cattle to graze infested sites until other green forage is available in the spring.
Introduction
Locoweed poisoning is the most widespread poisonous plant problem in the western U.S. (Kingsbury, 1964 , James et al., 1981 . Species of Astragalus and Oxytropis occur in many of the major vegetation communities. However, only those species that contain the alkaloid swainsonine (Molyneux and James, 1982) are considered true locoweeds. Other Astragalus 1This project was supported by a grant from the Richfield, UT, BLM District Grazing Board. Research was conducted in cooperation with the Utah Agric. Exp. Sta. Journal paper 3572.
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Received March 7, 1988 . Accepted June 9, 1988 species accumulate nitro-compounds or Se, but their mode of action and signs of poisoning differ from locoweed poisoning (James et al., 1981) . Clinical signs of locoweed poisoning include neurological disturbance, abortions, infertility, emaciation and habituation (Marsh, 1909; James et al., 1981) . In addition, Mathews (1932) described a condition called water belly (hydrops amnii),which consists of excessive fetal and amnionic fluid accumulation. At high elevations, locoweed can be a predisposing factor for brisket disease or congestive rightheart failure (James et al., 1983 (James et al., , 1985 . Populations of semi-desert locoweed species fluctuate greatly from year to year and from area to area (Ziemkiewicz and Cronin, 1981) , resulting in erratic but often devastating livestock losses. Wahweap milkvetch (Astragalus lentiginosus var. wabweapensis) is the local variety of spotted locoweed in the Henry Mountain area of southeastern Utah (nomenclature follows Welsh et al., 1987) . The desert and foothill areas around Henry Mountain are used as winter and spring range for a large portion of the cattle in the region. There was an outbreak of Wahweap milkvetch in the summer of 1985 and spring of 1986. Cattle on the grazing allotments were poisoned during the subsequent winters of 1986 and 1987 when they ate the dead plant stalks. A few locoed cows were taken off the range early, some abortions occurred and some newborn calves were born with learning deficiencies and would not nurse or follow their mothers.
This study described cattle grazing behavior with respect to Wahweap milkvetch in an attempt to determine when and why they eat the plant. This information will be used to develop management strategies to reduce the risk of locoweed poisoning.
Materials and Methods
The study was conducted 64 km southwest of Hanksville, Utah, at an elevation of 1,830 m in the foothills of the Henry Mountains. The study pasture was a 40-ha area fenced with a temporary electric fence. There were four ecological (range) sites within the study pasture: bench, swale, clay and creek bottom sites. Six locally raised mature Hereford • Angus cows were used for the grazing trial. Four of the cows had grazed on the allotment the previous winter and spring and had access to Wahweap milkvetch. The owner of the cows stated that two of these cows had shown signs of locoweed poisoning. The other two cows were from an adjacent locoweed-free allotment and never had been exposed to Wahweap milkvetch. Habituation is one of the reported clinical signs of poisoning. Cows with differing experience with locoweed were used to determine if prior exposure increased their propensity to graze locoweed. All cows were pregnancytested and diagnosed as pregnant.
Botanical composition of diets was quantified by the bite-count method (Bjugstad et al., 1970) . This required gentling range cows so they could be approached and observed while grazing. Periodic corralling and blood sampling for clinical chemistry determinations would have destroyed their confidence in the observer and prevented diet quantification, the main objective of the study. Each cow was observed for two 5-min periods during each morning and afternoon grazing period. The number of bites of each plant species was recorded and aggregated into grass, forb, shrub and Wahweap milkvetch for analysis. Means and SEM of forage classes in diets on each ecological site are presented. Repeated measures ANOVA (GLM for unbalanced data) was used in a split-plot design to compare recorded bites between groups of cows (cows that had been exposed previously to Wahweap milkvetch and those that had no prior exposure). Groups of cows was the main plot, and cows within groups was used as the error term in its F-test. Days of the trial was the split plot, and the day x cow within group interaction was the error term used in its F-test, as well as testing of the day x group interaction. Because this was an exploratory study, and availability of Wahweap milkvetch limited the study to 1 yr, there was no replication, and inferences are limited to the study area.
The study began November 21, 1986 and concluded April 8, 1987. Maximum and minimum temperature, precipitation and snow cover were recorded daily. Standing plant biomass was sampled at the beginning of the study to estimate available forage and to determine the size of pasture necessary to accommodate the cattle for the study period. Paced transects were established on the bench, swale and clay sites and 20 quadrants (.5-m x 1.O-m) were located systematically along each transect. Forage classes (grass, forbs, milkvetch, shrubs and broom snakeweed) were clipped, dried and weighed, and mean standing plant biomass and SEM were calculated.
Chemical composition of important species was determined to evaluate nutrient quality of available forage. Crude protein (AOAC, 1980) and in vitro organic matter digestibility (IVOMD) (Tilley and Terry, 1963) were determined. The toxic alkaloid swainsonine also was measured in Wahweap milkvetch and stinking milkvetch (Astragalus praelongus) at various stages of growth and senescence .
Results
Standing Crop. Wahweap milkvetch was one of the dominant species on the bench site, composing 31% of the total standing plant biomass (Table 1) . Grasses and shadscale, the dominant shrub on the site, contributed 31% and 22% to the total standing plant biomass, respectively. Total standing plant biomass of the swale site was similar. There was very little Wahweap milkvetch on the swale site, but stinking milkvetch and woolly locoweed (A.
mol!issimus vat. tbompsonae) were present.
Regrowth of stinking milkvetch remained green during most of the winter and was readily accessible, but cattle did not graze the green foliage. Cattle consumed a small amount of its dry stems and attached pods. Stinking milkvetch accumulates Se and is considered unpalatable.
Diets. Wahweap milkvetch made up an average of 15% of recorded bites throughout the study (Table 2 ). The amount of milkvetch in cattle diets fluctuated greatly over time ( Figure 1 ) and was influenced by the sites cattle selected to graze. Wahweap milkvetch was most prevalent on the bench site and made up 24% of bites recorded on that site (Table 2) . There was very little milkvetch in the diets when cattle grazed other sites. Cattle consumed relatively little milkvetch during the first 23 d of the trial (Figure 1) . In mid-December, milkvetch intake increased substantially in the cattle diets. There were no apparent weather or environmental conditions that would have stimulated the increase in milkvetch consumption. Cattle started consuming milkvetch several days before the first major snowstorm. Cool-season grasses (squirrel tail and Indian ricegrass) were preferentially grazed at the beginning of the study and were rapidly depleted. Apparently, milkvetch consumption increased as the availability of more palatable forage decreased. Milkvetch, galleta grass and shadscale made up the majority of the diet for the remainder of the study.
There appeared to be a relationship between snow cover and milkvetch consumption. Snow covered the ground and much of the milkvetch and galleta grass for most of January and for the last 10 d of February. Cattle would root under the snow with their muzzles in search of feed. It was difficult to identify what they selected, but sprigs of milkvetch and galleta HENRY MT. grass could be seen in their mouths when they raised their heads. We assumed they selected both milkvetch and grass that they encountered under the snow.
Cattle preferentially grazed the clay site during the cold part of the winter. It was the farthest from water, and cattle bad to travel across the bench and swale to get to it. Shrub consumption was extremely high on this site (Table 2) . Gardner saltbrush, the dominant shrub, was accessible through the snow and made up the bulk of the diets. Cattle also made heavy use of the creek bottom when snow covered the ground and grazed willows, shrubs and dry yellow sweet clover that protruded above the snow.
The two cows with no prior experience grazing Wahweap milkvetch consumed slightly more milkvetch than the experienced cows (17 compared to 14% of recorded bites respectively, P = .004). There was a significant day effect (P < .05), illustrating the wide variation in milkvetch consumed (Figure 1 ), but the group • day interaction was not significant (P > .05). The two inexperienced cows were the only animals showing apparent signs of locoism, which included depression, solitary grazing and nervousness when stressed, and both developed water belly or hydrops amnii.
Experienced cows did not consume as much milkvetch as the inexperienced cows, but they did not avoid the plant. Mean consumption of milkvetch by individual cow diets ranged from 12 to 17%. One of the cows with prior exposure to milkvetch apparently aborted 4 wk before the end of the study after consuming varying amounts of milkvetch for 3 mo. The fetus was not found. Two cows delivered normal calves during the study, and the remaining cow calved after the cattle were turned back onto the allotment.
Pathology. One of the two cows that developed water belly started to show signs of parturition (filling of the udder, loose swelling at the vulva) about 3 wk before the end of the grazing trial. Those signs regressed, but her abdomen continued to expand due to excessive fetal fluid accumulation. She apparently injured herself while entering a trailer at the end of the experiment and lost the use of her rear legs. She was taken to the Poisonous Plant Research Laboratoryin Logan, euthanized and necropsied. The cow and undelivered fetus had microscopic evidence of neurovisceral cytoplasmic foamy vacuolation, consistent with the signs of loco-weed intoxication (Van Kampen and James, 1970; James and Van Kampen, 1971) . The dam had prominent cytoplasmic foamy vacuolation of the pancreatic acinar epithelium and neurons of the brain stem, and the fetus had cytoplasmic foamy vacuolation in the pancreatic acinar epithelium, renal tubular epithelium, bladder epithelium, intestinal epithelium and Purkinje cells and neurons in the brain stem and cerebral cortex. Lesions are common in the fetuses of dams that ingest locoweed (Hartley and James, 1973) . Lesions in this cow did not explain the inability of the cow to rise and walk, however. The cow also had a low serum Ca concentration (8 mg/dl) at the time of necropsy, but it was not low enough to cause paralysis. There was mild edema and hemorrhage surrounding the perineal nerve within the pelvic canal of the cow. The perineal nerve may have been injured during her attempt to deliver the calf.
The other cow that developed water belly started to show signs of parturition during the last week of the study. These signs also regressed. The cow remained in a corral at the ranch headquarters and was fed good-quality alfalfa hay and corn silage. When she had not calved after 30 d, she was taken to the Poisonous Plant Research Laboratory, where parturition was induced.
The neonatal calf was considered to be a term calf, but it was weak and unable to stand and nurse, and had a patent ductus arteriosus. It was euthanized and necropsied at 3 d postdelivery. The only evidence of cytoplasmic foamy vacuolation was in the renal tubular epithelium. The dam had been removed from milkvetch-infested range for more than 30 d prior to the induced parturition. Lesions of intrauterine locoweed intoxication can disappear in 30-45 d postintoxication; renal tubular cytoplasmic foamy vacuolation is the last lesion to regress in sheep fetuses (Hartley and James, 1975) . The relative lack of lesions in the calf may indicate regression of intoxication.
Chemical Composition of Plant Species.
Galleta grass was the most abundant forage on the study site and made up the bulk of cattle diets. Crude protein content and in vitro organic matter digestibility (IVOMD) of galleta grass in its senescent state was very low (Table  3 ). There was some green regrowth of squirreltail, which had substantially higher CP and IVOMD. Crude protein content and IVOMD of the evergreen shrubs was lower than expected for green forage. Organic matter of these saltbrush species was low (65 to 74%); their high mineral content lowered their nutritive value. Digestibility of senescent Wahweap milkvetch was similar to that of dry senescent grasses. However, its CP content was much higher than that of grasses and shrubs (Table 3 ). There was no observable difference in preference between Wahweap milkvetch and galleta grass. Cattle selected both species as they encountered them. However, there may have been a nutritional advantage in selecting milkvetch.
Swainsonine concentration of the senescent Wahweap milkvetch was .023% in the old black stalks and .005% in the dry stalks (Table 3) . Swainsonine concentration of Wahweap milk- . The old, black senescent stalks of Wahweap milkvetch that grew in 1985 contained only slightly less CP and swainsonine than the green vegetative growth collected in the spring of 1987 at the end of the grazing trial (Table 3) . However, the dry stalks that grew in 1986 contained much less CP and swainsonine than the green plants. Additional samples of the dry and black stalks were collected and analyzed and showed similar trends. Perhaps the decomposition processes of the DM concentrated these two nitrogenous compounds, and the more advanced stage of decomposition reflects their higher concentration. Another possibility is that the 1986 crop was initially lower in swainsonine and CP.
Discussion
Locoweed intoxication due to the ingestion of senescent stalks of Wahweap milkvetch is unique. Locoweed poisoning in other areas of the Southwest occurs when livestock preferentially graze green and succulent locoweed when other forage is dry and dormant during the winter and early spring (Marsh, 1909; James et al., 1968 James et al., , 1969 Freeman et al., 1982; Patterson, 1982) . Most semi-desert locoweed species germinate in the fall, remain green over winter, and grow rapidly in the early spring. The succulent green locoweed apparently is more palatable than the dry, dormant, warmseason grasses. On high mountain rangelands infested with white locoweed, cattle selectively grazed the immature succulent seed pods but did not ingest other locoweed plant parts when other forage was available (Ralphs, 1987) .
When senescent Wahweap milkvetch was available on Henry Mountain winter range, cattle grazed it. It is difficult to develop a management system to prevent grazing of this relatively palatable poisonous plant. The only safe strategy is to deny cattle access to Wahweap milkvetch until other forage begins to green and grow in the spring. Wahweap milkvetch appears to be restricted to specific range sites on the rocky benches surrounding the Henry Mountains (Ralphs and Bagley, 1988) . When Wahweap milkvetch is abundant, cattle should be kept off these sites by herding or restricting them to milkvetch-free pastures in the allotment until other green forage plants are available in the spring.
Wahweap milkvetch is not as abundant on sandy sites and does not grow on the clay sites that support Gardner and mat saltbrush. Realignment of pasture fences along range site boundaries would provide increased management flexibility in years of milkvetch outbreaks and allow more efficient utilization of the different types of forage on an allotment. Improvement in range condition would increase the amount of desirable forage (such as the cool-season grasses, Indian ricegrass and squirreltail) and provide a more palatable alternative to galleta grass and senescent milkvetch.
Cattle grazing ranges infested with Wahweap milkvetch should be watched closely and removed at the first signs of intoxication or change in behavior. Early stages of locoism are difficult to identify. Ranchers often are not aware of problems until animals show the more extreme signs of poisoning. Slight behavioral changes, such as depression and solitary grazing behavior, are difficult to detect if one is not familiar with the individual animal's normal behavior. When undisturbed, the behavior of all animals in this experiment appeared normal. Signs of locoism were readily apparent only when animals were stressed at the end of the experiment.
Ranchers and scientists have warned against letting inexperienced animals graze locoweedinfested ranges (Marsh, 1909; Everist, 1981; Patterson, 1982) . Although this study involved few cattle and there was little control over environmental or experimental variables, our data support the hypothesis that inexperienced cattle are more likely to be poisoned by locoweed. On the other hand, the cows that had been exposed previously to milkvetch did not show any signs of habituation or increased propensity to graze milkvetch.
Populations of Wahweap milkvetch are cyclic. Populations increase in the Henry Mountain area every 6 to 8 yr, which coincides with above-average spring precipitation (Ralphs and Bagley, 1988) . In wet years, ranchers should be alert to potential problems and monitor the expanding Wahweap milkvetch populations. Alternative winter grazing plans and precautions should be considered when rangelands are heavily infested with Wahweap milkvetch.
